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PREFACE

Much has changed since the previous Meteorological Techniques Technical Note, AFWA/TN-98/002,
was published. Air Force Weather’s reengineering is now reality. Some technology that was available
in 1998 and prior is no longer being used. Newer technology exists in the Operational Weather Squadron
(OWS) hubs and the Combat Weather Teams (CWTs) in base weather stations. As it was in the last
Meteorological Techniques iteration, there are simply too many sources of data to keep track of accurately.
Whether at an OWS or a CWT, the weather forecaster must use as many sources available when preparing
a forecast.

This technical note is a compilation of various techniques to assist in the forecasting of Surface Weather
Elements (Chapter 1), Flight Weather Elements (Chapter 2), and Convective Weather (Chapter 3). Each
chapter contains sections with specific forecasting techniques. Attempt to integrate as many of these
techniques as possible into the forecast process. However, keep in mind that though there are many
techniques from which to choose, some may not be applicable at a particular location and/or the current
regime. In time, only certain techniques may be used; others may be ignored.

Every effort has been made to ensure that the techniques in this technical note are current. Many of
these techniques may appear dated, but the validity of the weather information they contain does not
decline with time. To ensure relevancy of the technical note, HQ AFWA/DN will periodically review
this technical note.

If you have any questions, comments, or concerns about this document, please remit to:

HQ AFWA/DN

106 Peacekeeper Dr, Ste 2N3
Offutt AFB NE 68113-4039
DSN: 271-9650

COMM: 402-294-9650
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Meteorological Techniques
Chapter 1

Surface Weather Elements

I. VISIBILITY. The Glossary of Meteorology
defines visibility as “the greatest distance in a given
direction at which it is just possible to see and
identify with the unaided eye, (1) in the daytime, a
prominent dark object against the sky at the horizon
or (2) at night, a known, preferably unfocused,
moderately intense light source.” Forecasting
visibility is a challenge due to the difficulty in
predicting the complicated behavior of dry and
“moist” (both liquid and solid) airborne particles
that obstruct or reduce visibility. A description of
these obstructions, some rules of thumb, and
several techniques for forecasting visibility are
given below.

A. Dry Obstructions (Lithometeors). A
lithometeor is the general term for particles
suspended in a dry atmosphere; these include dry
haze, smoke, dust, and sand.

1. Dry Haze. Dry haze is an accumulation of very
fine dust or salt particles in the atmosphere; it does
not block light, but instead causes light rays to
scatter. Dry haze particles produce a bluish color
when viewed against a dark background, but look
yellowish when viewed against a lighter
background. This light-scattering phenomenon
(called Mie scattering) also causes the visual ranges
within a uniformly dense layer of haze to vary
depending on whether the observer is looking into
the sun or away from it. Typically, dry haze occurs
under a stable atmospheric layer and significantly
affects visibility. As a rule, industrial areas and
coastal areas are most conducive to dry haze
formation.

2. Smoke. Smoke is usually more localized than
other visibility restrictions. Accurate visibility
forecasts depend on detailed knowledge of the local
terrain, surface wind patterns, and smoke sources
(including schedules of operation of smoke
generating activities).

3. Blowing Dust and Sand. Windblown particles
such as blowing dust and sand can cause serious
local restrictions to visibility, often reducing
visibility to near zero. The critical wind speed for
lifting dust and sand varies according to vegetation,
soil type, and soil moisture. Specific forecasting
rules vary by station and time of year. The Local
Area Forecast Program (LAFP) should document
the wind speeds, directions, and surface moisture
conditions in which visibility restrictions are most
likely to occur.

B. Moist Obstructions (Hydrometeors).
Condensation or sublimation of atmospheric water
vapor produces a hydrometeor. It forms in the free
atmosphere, or at the earth’s surface, and includes
frozen water lifted by the wind. Hydrometeors
which can cause a surface visibility reduction,
generally fall into one of the following two
categories:

1. Precipitation. Precipitation includes all forms
of water particles, both liquid and solid, which fall
from the atmosphere and reach the ground; these
include: liquid precipitation (drizzle and rain),
freezing precipitation (freezing drizzle and freezing
rain), and solid (frozen) precipitation (ice pellets,
hail, snow, snow pellets, snow grains, and ice
crystals).

2. Suspended (Liquid or Solid) Water Particles.
Liquid or solid water particles that form and remain
suspended in the air (damp haze, cloud, fog, ice
fog, and mist), as well as liquid or solid water
particles that are lifted by the wind from the earth’s
surface (drifting snow, blowing snow, blowing
spray) cause restrictions to visibility. One of the
more unusual causes of reduced visibility due to
suspended water/ice particles is whiteout, while the
most common cause is fog.
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Figure 1-1. Whiteout Conditions. Occur when
light reflected back and forth between snow- or ice-
covered ground and low stratus clouds.

a. Whiteout Conditions. Whiteout is a
visibility-restricting phenomenon that occurs when
a uniformly overcast layer of clouds overlies a
snow- or ice-covered surface. Most whiteouts
occur when the cloud deck is relatively low and
the sun angle is at about 20° above the horizon.
Cloud layers break up and diffuse parallel rays from
the sun so that they strike the snow surface from
many angles (Figure 1-1). This diffused light
reflects back and forth between the snow and clouds
until the amount of light coming through the clouds
equals the amount reflected off the snow,
completely eliminating shadows. The result is a
loss of depth perception and an inability to
distinguish the boundary between the ground and
the sky (i.e., there is no horizon). Low-level flights
and landings in these conditions become very
dangerous. Several disastrous aircraft crashes have
occurred in recent years in which whiteout
conditions may have been a factor.

b. Fog. Fog is often described as a stratus
cloud resting near the ground. Fog forms when
the temperature and dew point of the air approach
the same value (i.e., dew-point spread is less than
5°F) either through cooling of the air (producing
advection, radiation, steam, or upslope fog) or by
adding enough moisture to raise the dew point
(frontal fog). When composed of ice crystals, it is
called ice fog.

(1) Advection Fog. Advection fog forms due
to moist air moving over a colder surface, and the
resulting cooling of the near-surface air to below
its dew-point temperature. Advection fog occurs
over both water and land.

(2) Radiation Fog (ground or valley fog).
Radiational cooling produces this type of fog.
Under stable nighttime conditions, long-wave
radiation is emitted by, and cools, the ground,
forming a temperature inversion. In turn, moist
air near the ground cools to its dew point.
Depending on the moisture content of the ground,
moisture may evaporate into the air, raising the dew
point of this stable layer, accelerating radiation fog
formation.

(3) Upslope Fog (Cheyenne fog). Upslope
fog occurs when sloping terrain lifts air, cooling it
adiabatically to its dew point and saturation.
Upslope fog may be viewed as either a stratus cloud
or fog, depending on the point of reference of the
observer. Upslope fog generally forms at the higher
elevations and builds downward into valleys. This
fog can maintain itself at higher wind speeds
because of increased lift and adiabatic cooling.
Upslope winds more than 10 to 12 knots usually
result in stratus rather than fog. The eastern slope
of the Rocky Mountains is a prime location for this
type of fog.

(4) Steam Fog (Arctic Sea Smoke). Steam
fog is commonly seen as wisps of vapor emanating
from the water’s surface in the northern latitudes.
Water vapor condenses and forms steam fog when
water vapor is mixed with much colder air. In the
middle latitudes, steam fog is most common near
lakes and rivers during autumn and early winter,
when waters are still warm and colder air masses
prevail. A strong inversion confines the upward
mixing to a relatively shallow layer within which
the fog collects and assumes a uniform density.
Under these conditions, the visibility is often 3/16
mile (300 meters) or less.
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(5) Frontal Fog. Associated with frontal
zones and frontal passages, this type of fog can be
divided into types: warm-front pre-frontal fog;
cold-front post-frontal fog; and front-passage fog.
Pre- and post-frontal fogs are caused by rain falling
into cold stable air and raising the dew point.
Frontal-passage fog can occur in a number of
situations. For example, it can occur when warm
and cold air masses, each near saturation, are mixed
by very light winds in the frontal zone. It can occur
when relatively warm air is suddenly cooled over
moist ground with the passage of a well-marked
precipitation cold front. It can also occur during
low-latitude summer, where evaporation of front-
passage rain water cools the surface and overlying
air enough to add sufficient moisture to form fog.

(6) Ice Fog (Figure 1-2). Ice fogis composed
ofice crystals rather than water droplets and forms
in extremely cold, arctic air (—29°C (-20°F) and
colder). Factors contributing to reduced visibility
associated with ice fog are temperature, time of
day, water vapor availability, and pollutants.
Burning hydrocarbon fuels, steam vents, motor
vehicle exhausts, and jet exhausts are major sources
of water vapor and pollutants that help to produce
ice fog. A strong low-level inversion contributes
to ice fog formation by trapping and concentrating
the moisture in a shallow layer. Once ice fog forms
itusually persists until the temperature rises or there
is an airmass change.

(7) Sublimation Fog. The American
Meteorological Society Glossary of Meteorology
describes sublimation as the transition from solid
directly to vapor. Ice crystals sublime under low
humidity in below-freezing conditions.
Sublimation fog occurs when ground frost sublimes
at sunrise increasing moisture in the atmosphere.
This can cause a rapid onset of typically short-
lived, shallow, foggy conditions reducing visibility
to as low as 1/2 mile. This morning event,
sometimes dubbed a “TAF Killer”, can cause
problems with morning sortie generations and
recoveries.

Figure 1-2. Ice Fog (Dissipating).

In summary, the following characteristics are
important to consider when forecasting fog:

* Synoptic situation, time of year, and station
climatology.

* Thermal (static) stability of the air, amount
of air cooling and moistening expected, wind
strength, and dew-point depression.

* Trajectory of the air over types of underlying
surfaces (i.e., cooler surfaces, bodies of water).

» Terrain, topography, and land surface
characteristics.

C. Visibility Forecasting Rules of Thumb.
1. Dry Obstructions - General

a. Dry Haze. Dry haze layers normally restrict
visibility to 3 to 6 miles, and occasionally to less
than 1 mile. It usually dissipates when the
atmosphere becomes thermally unstable or wind
speeds increase. This can occur with heating,
advection, or turbulent mixing.

b. Duststorm Generation. This is a function
of wind speed and direction and soil moisture
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content. Table 1-1 lists the conditions favorable
for generation and advection of dust.

After generating blowing dust upstream (in a
duststorm), wind speed becomes important in
advection of the dust. Dust may be advected by
winds aloft when surface winds are weak or calm.
Duration of the advected dust is a function of the
depth of the dust and the advecting wind speeds.
Synoptic situations, such as cold frontal passages,
may change the wind direction and increase or
decrease the probability of dust advecting into your
area.

Forecasting dust generation is more difficult than
forecasting the advection of observed dust into the
area. Important factors to consider include location
of favorable source regions, soil dryness, and
agricultural practices. Areas where sound soil
conservation methods are practiced are less prone
to blowing dust. Plant cover protects soil from
wind erosion by slowing and breaking wind flow,
similar to the effects of a snow fence. Conversely,
military or civilian operations may disturb the soil,
destroy vegetation in an area, and increase the
chance for dust generation. Tailor parameters and

conditions in Table 1-1 to better help forecast dust
affecting customer’s operations. Also, do not forget
pilot reports (PIREPS); they are helpful in
forecasting dust.

3. Moist Obstructions - General

a. Precipitation. Use Table 1-2 as a guide to
forecasting visibility based on the intensity of snow.
When forecasting more than one form of precipitation
at atime, or when forecasting fog to occur with the
precipitation, consider forecasting a lower visibility than
shown in Table 1-2.

b. Blowing Snow. Blowing snow due to strong
surface winds can greatly reduce horizontal
visibility. Visibility of less than 1/4 mile is not
unusual in light or moderate snow when the winds
exceed 25 knots. The composition of the snow
and the effects of local terrain are as important as
meteorological factors in forecasting visibility
reductions caused by blowing snow. The following
forecasting hints may be helpful in forecasting
reduced visibility in blowing snow:

Table 1-1. Conditions favorable for the generation and advection of dust.

Parameter or Condition

Favorable When

Located

Location with respect to source region

downstream and in close proximity

Soil left

Agricultural practices

unprotected

Previous dry years

Plant cover reduced

Wind speed

> 30 knots

Wind direction

Southwest through northwest (dust source upstream)

Cold front

Passes though the area

Squall line

Passes though the area

Leeside trough Deepeni

ng and increasing winds

Thunderstorm

Mature storm in local area or generates blowing dust upstream

Whirlwind

In local area

Time of day 1200 to

1900L

Surface dew point depression >10°C

Potential Advection

Blowing dust generated upstream

Wind speed

> 10 knots

Wind direction

Along trajectory of the generated dust

Synoptic situation Ensures

the wind trajectory continues to advect dust
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Table 1-2.

Visibility Limits
Intensity (statute miles)
Light snow > 15 mile
showers
Moderate snow > Y, but < Y2 mile
showers
Heavy snow <Y mile
showers

* Moderate, dry, and fluffy snowfall with wind
speeds exceeding 15 knots usually reduces visibility in
blowing snow.

* Snow cover that has previously been
subject to wind movement (either blowing or
drifting) usually does not produce as severe a
visibility restriction as new snow.

* Snow cover that fell when temperatures
were near freezing does not blow except in very
strong winds.

» The stronger the wind, the lower the
visibility in blowing snow. The converse is also
true; visibility usually improves with decreasing
wind speed.

» Loose snow becomes blowing snow at wind
speeds of 10 to 15 knots or greater. Although any
blowing snow restricts visibility, the amount of the
visibility restriction depends on such factors as
terrain, wind speed, snow depth, and composition.

» Blowing snow is a greater hazard to flying
operations in polar regions than in mid-latitudes
because the colder snow is dry, fine and easily lifted.

Visibility limits based on Windsmay raise the snow 1,000 feet above the ground,
precipitation intensity.

lowering visibility. Afrequentand sudden increase in
surface winds in polar regions may cause the visibility
to drop from unlimited to near zero within a few
minutes.

» Fresh snow blows or drifts at temperatures
of —20°C (-4°F) or less. After 3 or more days of
exposure to direct sunlight, snow forms a crust and
does not readily drift or blow. The crust, however,
is seldom uniform across a snowfield. Terrain
undulations, shadows, and vegetation often retard
the formation of the crust.

« Ifadditional snow falls onto snowpack that
has already crusted, only the new snow blows or
drifts.

c. Fog. A general summary of characteristics
important to fog formation and dissipation are given
here. This checklist is followed by additional
forecasting guidance specific to advection,
radiation, and frontal fogs.

(1) Formation. Fog forms by increasing
moisture and/or cooling the air. Moisture in the air
is increased by the following:

* Precipitation.

 Evaporation from wet surfaces.

» Moisture advection.

* Sublimation from a frozen surface.

Cooling of the air results from the following:

* Radiational cooling.

» Advection over a cold surface.
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 Advection over a cold surface.
» Upslope flow.
» Evaporation.
(2) Dissipation. Removing moisture and/or
heating the air dissipates fog and stratus. Moisture

in the air is decreased by:

» Turbulent transfer of moisture downward
to the surface (e.g., to form dew or frost).

» Turbulent mixing of the fog layer with
adjacent drier air.

» Advection of drier air.

* Condensation of the water vapor into
clouds.

» Deposition of water vapor to ground frost.
Heating of the air results from the following:

* Turbulent transport of heat upward from air
in contact with warm ground.

» Advection of warmer air.

* Transport of the air over a warmer land
surface.

» Adiabatic warming of the air by subsidence
or downslope motion.

» Turbulent mixing of the fog layer with
adjacent warmer air aloft.

» Release of latent heat associated with the
formation of clouds.

(3) General Forecasting Guidance. In general:

» Fog lifts to stratus when the lapse rate
approaches dry adiabatic.

» Marked downslope flow prevents fog
formation.

» The wetter the ground, the higher the
probability of fog formation.

» Atmospheric moisture tends to sublimate
on snow, making fog formation, and maintenance
less likely.

» With sufficient radiational cooling (below
freezing), fog can dissipate rapidly and form ground
frost through the deposition process.

» Rapid formation or clearing of clouds can
be decisive in fog formation. Rapid clearing at
night after precipitation is especially favorable for
the formation of radiation fog.

* The wind speed forecast is important
because decreases may lead to the formation of
radiation fog. Conversely, increases can prevent
fog, dissipate radiation fog, or increase the severity
of advection fog.

» A combination advection-radiation fog is
common at stations near warm water surfaces.

* In areas with high concentrations of
atmospheric pollutants, condensation into fog can
begin before the relative humidity reaches 100
percent.

* The visibility in fog depends on the amount
of water vapor available to form droplets and on
the size of the droplets formed. At locations with
large amounts of combustion products in the air,
dense fog can occur with a relatively small water
vapor content.
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» After sunrise, the faster the ground
temperature rises, the faster fog and stratus clouds
dissipate.

* Solar insolation often lifts radiation fog into
thin, multiple layers of stratus clouds.

* If solar heating persists, and no higher
clouds block surface heating, radiation fog usually
dissipates.

* Solar heating may lift advection fog into a
single layer of stratus clouds and eventually
dissipate the fog if the insolation is sufficiently
strong.

(4) Specific Forecasting Guidance. Consider the
following when faced with advection, radiation, or
frontal fog situations.

(a) Advection Fog. Advection fog is relatively
shallow and accompanied by a surface-based
inversion. The depth of this fog increases with
increasing wind speed (though at wind speeds
above 9 knots greater turbulent mixing usually
causes advection fog to lift into a low stratus cloud
deck). Other favorable conditions include:

* Coastal areas where moist air is advected
over water cooled by upwelling. During late
afternoon, such fog banks may be advected inland
by sea breezes or changing synoptic flow. These
fogs usually dissipate over warmer land; if they
persist through late afternoon, they can advect well
inland after evening cooling and last until
convection develops the following morning.

* In winter, when warm, moist air flows
over colder land. This is commonly seen over the
southern or central United States and the coastal
areas of Korea and Europe. Because the ground
often cools by radiation cooling, fog in these areas

is called advection-radiation fog, a combination of
radiation and advection fogs.

e Warm, moist air that is cooled to
saturation as it moves over cold water forms sea

Jfog:

*« [f the initial dew point is less than the
coldest water temperature, sea fog formation is
unlikely. In poleward-moving air, or in air that has
previously traversed a warm ocean current, the dew
point is usually higher than the cold-water
temperature.

*+ Sea fog dissipates if a change in wind
direction carries the fog over a warmer surface.

*s An increase in the wind speed can
temporarily raise a surface fog into a stratus deck.
Over very cold water, dense sea fog may persist
even with high winds.

*« The movement of sea fog onshore to
warmer land leads to rapid dissipation. With
heating from below, the fog lifts, forming a stratus
deck. With further heating, this stratus layer
changes into a stratocumulus cloud layer and
eventually changes into convective clouds or
dissipates entirely.

s Cooling after the heat of the day can
cause sea fog to roll back in and restrict ceilings
and visibility again.

(b) Radiation Fog. Radiation fog occurs in
air with a high dew point. This condition ensures
radiation cooling lowers the air temperature to the
dew point. The first step in making a good radiation
fog forecast is to accurately predict the nighttime
minimum temperature. Additional factors include
the following:
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» Air near the ground becomes saturated.
When the ground surface is dry in the early evening,
the dew-point temperature of the air may drop
slightly during the night due to condensation of
some water vapor as dew or frost.

* In calm conditions, this type of fog is
limited to a shallow layer near the ground; wind
speeds of 3-7 knots bring more moist air in contact
with the cool surface and cause the fog layer to
thicken. A stronger breeze prevents formation of
radiation fog due to mixing with a dryer air aloft.

 Constant or increasing dew points with
height in the lowest 200 to 300 feet, so that slight
mixing increases the humidity.

» Stable air mass with cloud cover during
the day, clear skies at night, light winds, and moist
air near the surface. These conditions often occur
with a stationary, high-pressure area.

» Relatively long period of radiational
cooling, e.g., long nights and short days associated
with late fall and winter in humid climates of the
middle latitudes.

* In nearly saturated air, light rainfall will
trigger the formation of ground fog.

* In valleys, radiation fog formation is
enhanced due to cooling from cold air drainage.
This cooled air can result in very dense fog.

* In hilly or mountainous areas, an upper-
level type of radiation fog—continental high
inversion fog—forms in the winter with moist air
underlying a subsiding anticyclone:

*+ Often a stratus deck forms at the base
of the subsidence inversion, then lowers. Since
the subsiding air above the inversion is relatively
clear and dry, air at the top of the cloud deck cools
by long-wave radiational cooling, which intensifies
the inversion and thickens the stratus layer.

*+ A persistent form of continental high
inversion fog occurs in valleys affected by maritime
polar air. The moist maritime air may become
trapped in these valleys beneath a subsiding
stagnant high-pressure cell for periods of two weeks
or longer. Nocturnal long-wave radiational cooling
of the maritime air in the valley causes stratus
clouds to form for a few hours the first night after
the air becomes trapped. These stratus clouds
usually dissipate with surface heating the following
day. On each successive night, the stratus cloud
deck thickens and lasts longer into the next day.
The presence of fallen snow adds moisture and
reduces daytime warming, further intensifying the
stratus and fog. In the absence of air mass changes,
eventually the stratus clouds lower to the ground.

s The first indicator of formation of
persistent continental high inversion fog is the
presence of a well-established, stagnant high-
pressure system at the surface and 700-mb level.
In addition, a strong subsidence inversion separates
very humid air from a dry air mass aloft over the
area of interest. The weakening or movement of
the high-pressure system and the approach of a
surface front dissipates this type of fog.

» Radiation fog sometimes forms about 100
feet (30 meters) above ground and builds
downward. When this happens, surface
temperature rises sharply. Similarly, an unexpected
rise in surface temperature can indicate impending
deterioration of visibility and ceiling due to fog.

* Finally, radiation fog dissipates from the
edges toward the center. This area is not a favorable
area for cumulus or thunderstorm development.

(c) Frontal Fog. Frontal fog forms from the
evaporation of warm precipitation as it falls into
drier, colder air in a frontal system.

* Pre-Frontal, or warm-frontal fog (Figure
1-3) is the most common and often occurs over
widespread areas ahead of warm fronts.
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Figure 1-3. Pre-Frontal Fog Associated with Warm Fronts. This is the most common
type of fog, and it often occurs over widespread areas ahead of warm fronts.
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*« Whenever the dew-point temperature
of the overrunning warm airmass exceeds the wet-
bulb temperature of the cold airmass it’s replacing,
fog or stratus form.

*» Fog usually dissipates after frontal
passage due to increasing temperatures and surface
winds.

* Post-frontal, or cold frontal, fog occurs
less frequently than warm-frontal fog.

¢ Slow-moving, shallow-sloped cold
fronts (Figure 1-4), characterized by vertically
decreasing winds through the frontal surface,
produce persistent, widespread areas of fog and
stratus clouds 150 to 250 miles behind the surface
frontal position to at least the intersection of the
frontal boundary with the 850-mb level.

e« Strong turbulent mixing behind fast-
moving cold fronts, characterized by vertically
increasing winds through the frontal surface, often
produce stratus clouds but no fog.
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Figure 1-4. Post-Frontal Fog Associated with Slow-Moving Cold Fronts. Persistent

fog may occur with this type of cold front.
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D. Visibility Forecasting Aids/ Techniques.

1. Using Streamlines to Forecast Visibility near
the Coast. Fog and stratus form near coastlines
where moist air flows over cooling land. Surface
streamlines can be used to forecast fog and stratus
in those areas. To use streamlines effectively,
follow three rules:

» Look at all available observations in the area.

 Consider sea surface temperatures. Visit the
Navy’s weather web site at: www.fnmoc.navy.mil. You
will need a login and password to enter the secure
site. These can be obtained by requesting them
from the site (scroll down the left side to the
“Contact Us” area and request an account be opened
up for your weather station). Check with your OWS
to see if they already have an account with the Navy.
Once inside the secure area, scroll down the left
side to where it says, “Software and Manuals”.
After installing the appropriate software, you’ll be
able to view the products on the site.

* Refer to a topographical map. The scale must
be large enough to show detailed terrain features.
Follow the flow over terrain or across land-sea
boundaries to identify the heating, cooling and
lifting processes.

2. Graphical Method for Forecasting Fog. This
method is valid for short (0 to 4 hours) periods and
all times of day. The previous 3- and 6-hour
temperature and dew point and graph paper are the
only tools required. Use the temperature scale in
effect for the period being plotted on the graph.
For example, Figure 1-5 shows a Y-axis scale
gradation from +4 to —2 because the 6-hour
temperature was 4°C and dew point was —2°C. If
the 6-hour temperature and dew point was 20°C
and 15°C respectively, then use a Y-axis gradation
from 20 to 15. Apply the following when using
the graph:

* Plot the current temperature (T) and dew
point (T3) on the vertical line labeled N.

* Plot the 3-hour old temperature and dew point
on the vertical line labeled N-3, the 6-hour old data
on the N-6 line.

» Connect the plotted temperature values
with a line, extending the line to the right edge of
the graph. Similarly, connect the plotted dew-point
values and extend this line to the edge of the graph.

» If the lines do not intersect—stop; do not
forecast fog for the following 4 hours. If the lines
do intersect, from the point of intersection you can
find the forecast time by proceeding vertically
downward to the time scale. Add N to the forecast
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Figure 1-5. Graphical Method of Forecasting Fog. Method uses previous 3-
and 6-hour temperatures and dew points.
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time to arrive at an onset time for the fog. For
example, in Figure 1-5, if the current time was
0900 UTC, then forecast fog at 1200 UTC (0900 +
3 hours).

3. Determining Fog Height. An upper-air
sounding taken when fog is present usually shows
a surface inversion. If the temperature and dew
point remain equal from the base to the top of the
inversion, assume fog extends to the top of the
inversion. Ifthey are not equal, average the mixing
ratio at the top of the inversion and the mixing ratio
at the surface. The intersection of this average
mixing ratio with the temperature curve is a good
estimate of the top of the fog layer.

4. Determining Surface Temperature Needed to:

a. Form Radiation Fog (Fog Point). This
value indicates the temperature (°C) at which
radiation fog forms. To determine the fog point,
find the pressure level of the lifted condensation
level (LCL). From the dew point at this pressure
level, follow the saturation mixing ratio line to the
surface. The isotherm value at this point is the fog
point, or the temperature at which radiation fog
forms.

Note: The British Quick Fog Point (BOQFP), picked
up by UK forecasters while deployed in the former
Yugoslavia areas, may also prove useful. This
parameter is valid as long as there is moisture on
the ground.:

BQFP = Dew-point temperature (at max
heating) — 2

b. Dissipate Radiation Fog.
Step 1. Determine the average mixing

ratio on your local upper air sounding is the lowest
50 to 100 mb of the sounding.

Step 2. Find where the mixing ratio line
intersects the temperature curve.

Step 3. Descend from this intersection,
dry adiabatically, to the surface pressure. The
temperature of the dry adiabat at the surface is the
temperature necessary.

Note: The temperature is approximate, since the
method assumes no changes take place in the
sounding from the time of observation to the time
of dissipation.

Step 4. Modify the fog dissipation
temperature to reflect changes in local and synoptic
scale patterns and local effects.

5. Fog Threat. This value indicates the potential
for radiation fog formation. It is calculated by
subtracting the fog point from the 850-mb wet-bulb
potential temperature (WBPTg5(). Refer to Table
1-3 to determine the likelihood of radiation fog
formation.

Table 1-3. Fog threat thresholds indicating the
likelihood of radiation formation.

Fog Threat Likelihood of Radiation
Fog
>3 Low
>0and <3 Moderate
<0 High

Fog Threat = WBPTg5( — Fog Point

6. Fog Stability Index (FSI). The Fog Stability
Index (FSI) was originally developed and tested
by Herr Harald Strauss and 2nd Weather Wing for
use in Germany in the late 1970s. Forecasters there
agreed that focusing in on the 1000- to 850-mb
layer was key to making a good fog forecast. Using
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the representative 1200Z sounding, the FSI is
designed to give you the likelihood of radiation
fog formation (see Table 1-4), and is defined as:

FSI =4Tggc - 2(Tgs50 + Tdsfe) + Wg50
where,

Tgfe = Surface temperature in °C.
Tgs50 = 850-mb temperature in °C.
Tdgfe = Surface dew point in °C.
Wg5( = 850-mb wind speed in knots.

Table 1-4. Fog stability index thresholds
indicating the likelihood of radiation fog
formation.

FSI Likelihood of Radiation
Fog
>55 Low
>3] and <55 Moderate
<31 High

* Stability from the surface to 850 mb is the
main factor, and it is denoted by the temperature
difference between pressure surfaces.

» Moisture availability is given by the spread
between surface temperature and dew point.

* The 850-mb wind speed indicates the
amount of atmospheric turbulence in the near-
suface layer.

Note: Thresholds may require some adjustment.
Test results showed that this should not be used as
the sole predictor.

8. Forecasting Visibility Using Climatology.
Climatology provides trends and averages of a
variety of weather occurrences over a period of
years. Consult it first to identify prevailing ceiling
and visibility for the location and time of interest.
Climatology can also be used to estimate diurnal
variations of temperature and dew point at your
station as a function of the time of year, and general

synoptic conditions. There are several sources of
climatological data available from the Air Force
Combat Climatology Center (AFCCC) (http://
www.afcce.mil.)

a. Modeled Ceiling and Visibility (MODCYV).
MODCYV is a software program that provides
climatologically based forecasts for ceiling and
visibility. (MODCYV is gradually replacing the older
Wind-Stratified Conditional Climatology (WSCC)
tables.) Use this program as a guide to what is
likely to happen based on current conditions. It is
best to use MODCYV after fog has formed and when
conditions will improve. Adjust the display to meet
current or expected weather conditions that affect
visibility forecasts. These data can prevent over-
forecasting an unfamiliar situation or, for the more
experienced forecaster, help refine a best-guess
forecast.

» MODCYV output can be a very valuable tool,
but do not use it blindly or indiscriminately. It is
based on the month, time of day, wind direction,
and the initial ceiling and the visibility category at
your station—it only indirectly considers the
synoptic situation. It is generally not useful in
forecasting low ceilings and visibility due to smoke
or duststorms.

 While the numbers in the data are
important, the trends they represent are more
important. Consider these trends in the light of
the normal diurnal changes that take place at your
station. Look at the values above and below your
category—do they follow the same trends? If your
wind sector is near the border of another, look at
both sectors and the “all” wind category. If winds
are light, look at the “calm” category. Remember
to look for trends as well as numbers.

» When there are very few observations in
the category (less than 10), there may be insufficient
examples to make a good forecast. When six or
seven cases all follow the same pattern, use this
data with a fair degree of confidence. When five
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cases or the fewer show no set pattern, confidence
is low.

b. Modeled Diurnal Curves (MODCURVES).
This product provides summarized parameters
including temperature, dew point, and relative
humidity by hour for stations from which surface
observations are available. The product provides
data in monthly increments, and includes four wind
sectors and two sky cover categories. Values are
displayed in graphic and tabular form. These
summaries resemble older temperature/dew point
summaries, but are menu driven in a Windows
environment.

¢. Surface Observation Climatic Summaries
(8§0CS). SOCS contain the percentage frequency
of occurrence of ceiling and visibility based on
month, time, wind direction, and wind speed. The
SOCS replaced the Revised Uniform Summary of
Surface Weather Observations (RUSSWO) in July
1988. Each SOCS summarizes hourly observations
(and summary of day data) for a given weather
station in eight categories: atmospheric
phenomena; precipitation, snowfall, and snow
depth; surface wind; ceiling, visibility, and sky
cover; temperature and relative humidity; pressure;
crosswind summaries; and degree days. Each
SOCS includes a Climatic Brief, described below.

d. Operational Climatic Data Summary
(OCDS). This product is a summary of monthly
and annual climatic data prepared manually when

Table 1-5. MOS visibility (VIS) categories for
the continental United States and Alaska.

the creation of a standard computerized climatic
brief is impractical due to lack of data. The most
recent 10-year period of record is used unless more
data is available. Data are supplemented from other
sources such as earlier periods of record, data from
contemporary and/or earlier stations, and published
data from other sources.

e. International Station Meteorological
Climate Summary (ISMCS). ISMCS is a joint
USN/NOAA/USAF-produced CD-ROM that
contains station climatic summaries.

9. Forecasting Visibility Using Model Output
Statistics (MOS) Guidance. MOS is an excellent
tool to help forecast visibility and vision
obstructions. As always, it’s important to initialize
and verify the model before using MOS.

a. Visibility (VIS). Visibility forecasts are
valid every 3 hours from 6 to 36 hours, then every
6 hours from 42 to 60 hours after 0000 and 1200
UTC. Inthe CONUS and Alaska, MOS visibility
forecasts are grouped by categories as shown in
Table 1-5.

b. Obstruction to Vision (OBVIS). Visibility
forecasts are valid every 3 hours from 6 to 36 hours,
then every 6 hours from 42 to 60 hours after 0000
and 1200 UTC. Inthe CONUS, MOS obstruction-
to-vision forecasts are for one of the categories
shown in Table 1-6 for the CONUS and Alaska.

Table 1-6. MOS Obstruction to Vision (OBVIS)
categories for the continental United States and
Alaska.

MOS VIS Obstruction to

MOS VIS Visibility (Miles) Category Vision
Category 5 Fog

1 < H Haze

2 <1 B Blowing phenomena

3 1<3 N Neither fog, haze,

4 3<5 nor blowing

5 >3 phenomena

X missing data
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10. Some Final Thoughts on Visibility
Forecasting. Experience plays an important role
in forecasting visibility. Note the following:

a. Actual Prevailing Visibility. A drop in
visibility (i.e., from 25 miles to 15 miles) could
indicate a significant increase in low-level moisture
that could go unnoticed in a 7+ mile report.

b. Sector Visibility. 1f sector visibility is
significantly different from prevailing, it could
mean something significant is occurring. For
example, the lowering of sector visibility could
mean a fog bank is forming or that dust is rising
due to an increase in winds from a thunderstorm.

¢. Obstructions to Visibility. Reports should
include what is obstructing vision (i.e., fog, smoke,
haze, etc.) as well as an estimated layer height top
and/or base. For example, visibility 10 miles in
haze, top of haze layer approximately 1,500 feet,
includes haze as being the obstruction to vision and
identifies the layer of haze.

d. Tops and Bases of Haze Layers. These
are important because they may mark the bases of
inversions. Tops and bases of haze layers are
usually difficult to estimate, but a definite top and/
or base is sometimes detectable when looking
towards the horizon. Determine the height by
noting the orientation to higher terrain, trees, or
buildings, if available. Pilot reports of haze tops
and/or bases are also useful.

I1I. PRECIPITATION. For precipitation to occur,
two basic ingredients are necessary: moisture and
a mechanism for lifting the air sufficiently to
promote condensation. Lifting mechanisms
include convection, orographic lifting, and frontal
lifting. There are many techniques and methods
available for forecasting precipitation.

A. Precipitation General Guidance

1. Extrapolation. Extrapolation works best in
short-period forecasting, especially when
precipitation is occurring upstream of the station.
First, outline areas of continuous, intermittent and
showery precipitation on an hourly or 3-hourly
surface product. Use radar and satellite data to
refine the surface chart depiction. Use different
types of lines, shading, or symbols to distinguish
the various types of precipitation. Next, compare
the present area to several hourly (or 3-hourly) past
positions. If the past motion is reasonably
continuous, make extrapolations for several hours.
(Note: Consider local effects that may block or
slow the movement of the extrapolated area.)

2. Cloud-top Temperatures. The thickness of
the cloud layer aloft and the temperatures in the
upper-levels of clouds are usually closely related
to the type and intensity of precipitation observed
at the surface, particularly in the mid-latitudes.
Monitor METSAT imagery loops to determine if
cooling cloud tops are occurring (indicating upward
vertical motion). Climatology reveals the
following:

* In 87 percent of the cases where drizzle was
reported at the surface, the cloud-top temperatures
were colder than —5°C.

* In 95 percent of the cases during continuous
rain or snow, the cloud-top temperatures were
colder than —12°C.

* In 81 percent of the cases, intermittent rain or
snow fell from the clouds with cloud-top
temperatures colder than —12°C; in 63 percent of
the cases, with cloud-top temperatures colder than
-20°C.

3. Dew-point Depression. An upper level dew-
point depression less than or equal to 2°C is a good



Surface Weather Elements

Chapter 1

Precipitation

predictor of both overcast skies and precipitation.
Dew-point spreads less than or equal to 2°C on the
850- and 700-mb forecast products are a good
indication of potential precipitation, assuming there
is potential for upward vertical motion.

4. Frontal Placement

a. Cold Fronts. A cold front moving
southeastward into the central and eastern United
States may produce widespread, prolonged poor
weather. After passage of the cold front, a band of
stratiform ceilings with fog, drizzle, rain or frequent
snow 200 to 500 miles wide often forms behind
the front, bringing several days of bad weather.

(1) Synoptic Pattern. With the following
sequence of events, expect widespread post-frontal
weather.

» A cold front moves into the areca east of
the Rockies, followed by a rather shallow dome of
cold, continental air.

* Figure 1-7 shows a thermal ribbon at 500
mb. Do not consider an area that is part of the
ribbon when the isotherm spacing becomes greater
than 150 miles.

* The 24-hour forecast position of the 500-
mb trough remains west of the affected area. Any
northerly flow below 500-mb tends to disrupt the
necessary thermal field.

* The pre-trough air at 850 mb has a dew-
point depression of 5°C or less.

* The 500-mb system must lag behind the
shortwave 850-mb trough. Weather in this post-
cold frontal pattern normally includes the usual low
ceilings and gusty surface winds associated with
the cold front. Expect the worst conditions 25 to
75 miles behind the front where ceilings are 200 to
600 feet and visibility of 1/2 to 2 miles can occur

in rain, snow, and/or fog. From 75 to 150 miles
behind the front, ceilings average 500 to 1,000 feet
with rain or snow and possibly freezing rain.
Beyond the 150-mile range, ceilings are above
1,000 feet with rain or snow showers. In most
cases, a band of freezing rain is present in areas
between the 850-mb 0°C and surface 0°C
isotherms.

* The orientation of the front is also an
important indicator of the nature of the post-frontal
weather. Weather associated with east-west
oriented cold fronts usually extends 500 miles to
the rear of the front; weather associated with more
northerly oriented fronts (050° to 230°) usually
extends only 200 miles behind the front. In general,
the more east-west the frontal system, the slower
the weather pattern movement. Note the extent of
precipitation with the east-west orientation of the
surface front in Figure 1-8.

(2) Forecasting Procedures for Widespread
Post-Frontal Weather.

Step 1. Determine whether a packed thermal
gradient on the 850-mb chart is present.

[ ] i
= o] ..' B30l Dew-padrin
+15 TDepression = 3% T, N

Figure 1-6. Thermal Ribbon Spacing. A thermal
ribbon is three or more nearly parallel isotherms in
5°C increments with spacing between isotherms
about 50-150 miles.
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Step 2. Forecast the 24-hour movement of
the 500-mb trough. If the forecast calls for eastward
movement or the retrogression of the 500-mb
trough, the flow at 850 mb behind the trough
weakens and leaves the isotherm ribbon in an area
of weak flow. This decay generally proceeds from
south to north. If the 500-mb trough progresses
normally with the 850-mb trough, the thermal
ribbon moves with the surface front and widespread
post-frontal weather does not form.

Step 3. Determine if the 850-mb pre-trough
air has dew-point depressions of 5°C or less. See
Figure 1-7.

Note: If all three of the above are present, then
conditions are potentially good for widespread post-
frontal weather and proceed with Steps 4 and 5.

Step 4. Forecast the 24- and 30-hour position
of the surface cold front.

Step 5. Forecast the area of bad weather by
using the cold front as the leading edge. If the front

is oriented more north-south than a 050° to 230°
axis expect bad weather to stretch 200 miles behind
the front. Ifthe front is more east-west that a 050°
to 230° axis, expand the area to 500 miles behind
the front (see Figure 1-8).

Weather persists until one of the following occurs:

* The 500-mb trough axis passes east of the
area.

* Cyclogenesis takes place and associated
temperature advection disturbs the pattern.

* A new cold front moves in, breaking the
pattern.

b. Warm Front—Overrunning. Overrunning
precipitation occurs in association with active warm
fronts, surface cyclones passing south of your
station, stationary fronts and, to a lesser degree,
with slow-moving cold fronts. Stratus is a by-
product and generally results from the evaporation
of relatively warm precipitation into cooler air.
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Figure 1-7. The 500-mb Product. The 500-mb
trough retrogrades slightly on the northern end and
moves slowly east to the southern end. Within 24
hours, the 850-mb winds over the ribbon south of
the Great Lakes had fallen to almost calm.

Figure 1-8. Widespread Precipitation Scenario.
The resulting spread of precipitation 24 hours after
the system shown in Figure 1-7.
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Use the 925-mb or 850-mb (whichever is more
applicable for your location) and 700-mb products
to determine whether sufficient moisture and
sufficient vertical motion are present to produce
overrunning precipitation:

e The 925-mb or 850-mb product reveals if
the available moisture to the south and the wind
flow are favorable for the advection of this moisture
into the area.

e The 700-mb product reveals if the thermal
structure is adequate to produce overrunning
precipitation. In general, overrunning requires
warm-air advection and cyclonic curvature at 700
mb to produce significant precipitation. Therefore,
the outer limits of overrunning precipitation are
usually the 700-mb ridge line in advance of the
system (beginning of precipitation) and behind the
system where the wind changes from veering with
height (warm-air advection) to backing with height
(cold-air advection and the ending of precipitation).

Figure 1-9 is an idealized model of an overrunning
precipitation pattern that occurs with an active
warm front to the north of a surface cyclone.
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Figure 1-9. Overrunning Associated with a
Typical Cyclone. This pattern occurs with an
active warm front to the north of a surface cyclone.

Forecasting the onset of overrunning precipitation
associated with a stationary front is a difficult task
near the surface front. The primary concern is
moisture advection over the top of the cold air
(consider the 925-mb or 850-mb product first).
During the long time span between 850-mb
products, monitor other data, especially from sites
close to a moisture source. A good indicator is the
increase of low-level cloudiness at the warm-sector
stations upstream. Advect this moisture at the speed
of the low-level winds. Dissipation of this type of
overrunning takes place with one of the following
two occurrences:

*  When an upper-level short wave (watch
upper-level analysis and vorticity forecasts) forms
a low on the stationary front and the low moves
through.

*  When the 700-mb flow changes from
cyclonic curvature to anticyclonic curvature.

5. Drizzle Formation. The basic requirements
for significant drizzle are:

* A cloud layer or fog at least 2,000 feet deep.

* Cloud layer or fog must persist several hours
to allow droplets time to form.

* Sufficient upward vertical motion to maintain
the cloud layer or fog.

* A source of moisture to maintain the cloud
or fog. (Light drizzle can fall from radiation and
sea fog without the help of upward vertical
motions).

Except for the upward motion, the requirements
for drizzle can be determined by inspecting
products. Vertical motion at 700 mb generally is
not relevant to fog and stratus. The 850-mb Q-
vectors may be useful at stations at elevations close
to the 850-mb level.
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Note: T-TWOS #1 has detailed information on Q-
vectors and their applications.

The vertical motion of concern is near the ground,
identify it by drawing streamlines on surface charts
to locate and track local axes of confluence. Make
areasonable estimate of whether surface confluence
is stronger or weaker than usual. Drizzle onset is
faster and more likely with stronger confluence.

Sometimes upslope flow and sea breeze confluence
produces the gentle vertical motion needed without
observations that indicate local confluence.
Similarly, persistent large-scale southerly flow
naturally converges as it moves northward and can
provide the needed low-level gentle upward
motion. Finally, the lift associated with the front
supplies the needed upward motion to generate
large areas of fog and stratus. In many of these
instances, it is possible to observe the onset of
drizzle at stations upstream and to extrapolate.
Extrapolation may serve only to improve timing
on arrival of conditions.

When extrapolating, remember the nature of the
drizzle process. The drizzle area is likely to move
or expand discontinuously since it is strongly
dependent upon the lifetime of the cloud.

This has been limited to warm (above 0°C) and
supercooled water clouds between —10°C and 0°C.
At colder temperatures, the clouds are likely to have
increasingly larger numbers of ice crystals and
different physical cloud processes are occurring.
Of course, when surface temperatures are equal or
less than 0°C (32°F), forecast freezing drizzle.

B. Model Guidance

Model Output Statistics (MOS). MOS guidance
is usually a reliable tool for forecasting precipitation
since it considers climatology for your station.
MOS bulletins provide probability of precipitation

(POP), quantitative precipitation (QPF), probability
of precipitation type (POPT), and probability of
snow accumulation (POSA) forecasts. Use MOS
guidance carefully during extreme weather events
since climatology tends to steer MOS guidance
away from forecasting rare or extreme events.

C. Determining Precipitation Type

1. Thickness. Thickness is the most common
predictor for precipitation type. Thickness 